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ABSTRACT

A radar guided missile seeker approaching a target
arrives at a crossover point beyond which the entire
target is illuminated by the missile seeker's radar
antenna beam. When this occurs, for a complex target,
the radar senses a time changing target center location
which may greatly complicate the terminal tracking por-
tion of the seeker's flight. This thesis documents
various glint models in use today and compares the per-
formance of these models by using a seeker model to
determine the effect of glint on terminal tracking
performance.

A large volume of data has been compiled describing
various radar characteristics of complex targets. Some
of the glint models discussed herein are the result of
independent investigations and some models are derived
analytically. The return energy transmitted from a radar
and reflected from a complex target is generally statis-
tical in nature due to the random nature of the reflect-
ing surfaces dispersed over the target vehicle and also
because the target is continually changing aspect.

A radar target's reflecting characteristics are of
concern when a seeker is attempting to acquire the target

and again when the seeker is closing on the target. A



large amount of data exists for determining long range
acquisition capabilities of various radar schemes.

The acquisition of a target in a sea clutter back-
ground has been thoroughly investigated in the past
decade and today's improved techniques (Moving Target
Indication and Pulse Compression) have enabled moderately
powered radars to acquire very small targets in high sea
states. At long ranges, the individual target elements
present a unified amplitude response (or appear as a
point source). The main problem during acguisition is
to reduce the viewing area to dimensions comparable to
the target so that the target return will be distinguish-
able. This argument does not apply to an interferometer
as target phase variations will still contribute to
acquisition error, however the sophistication reguired
to implement interferometers into a seeker design pre-
cludes their use for present day tracking schemes.

Although acquisition problems can severely limit
the response time of a seeker bearing vehicle or aircraft
to an eminent attack threat, the inability of a radar
seeker to coperate in the presence of angle glint can
render the seeker useless. A seeker's design must often
be a compromise between tracking accuracy, acquisition
capability, and dynamic versatility, cince the weight

and cost penalties associated with multiple radar

tracking modes within a single seeker are prohibitive.
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Therefore, since the literature abounds with
acquisition theory and techniques, the main portion of
this thesis consists of analyzing the post-acquisition
seeker performance in the presence of angular glint or
angle noise.

The glint models used in this analysis represent
models in use at the present time. In addition, models
which were derived are compared to determine the degree
of correlation which exists between measured target models
and those models which are derived from their statistical
characteristics. The method employed for the evaluation
is general in nature so that the procedure could be used
to evaluate any subsequent glint model derivations. In
addition, some recent work is summarized which demon-
strates the advantages of using swept frequency techniques
to improve radar tracking performance in the presence of

angular glint.
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LaPlace Transform Variable

Angular Frequency Variable

Tracking Error

Position error coefficient

Velocity error coefficient

Acceleration error coefficient

Time Derivative of antenna angle

Time Derivative of input disturbance

Radar antenna crossover point on receiver antenna
base line

Relative phase difference for the returned signals
from multi-reflector targets

Ratio of target amplitudes

Individual reflector's (target) amplitude
Target Angular coordinates

Incident power

Electric field strength vector

Magnetic field strength vector

Intrinsic impedance

Distance of elemental target reflectors from
receiver

The reflected field produced by the kth target

element



Number of independent target elements
Half-power frequency (noise bandwidth)

Rate of change of aspect angle

Maximum dimension of the target

Zero frequency spectral density

Standard deviation of a statistical distribution
Mean of a statistical distribution

Loss Factor

Receiver noise figure



I. INTRODUCTION

During the past decade, a considerable amount of
effort has been expended in perfecting existing radar
techniques. The radar industry has been saturated with
new circuit and system techniques. The art of control
dynamics has been perfected to the extent that an
enormous volume of material exists describing the appli-
cation of these methods to various types of controlled
vehicles. New and more sophisticated transmitting and
receiving devices have been introduced into the radar
industry. The radar industry has reached a high level
of maturity in developing radar equipment of all descrip-
tion and for many various applications.

The largest problem which confronts the radar system
designed is that of being able to adequately describe
the radar's operating environment and its effect on
radar performance. In addition, the radar designer must
be capable of deriving radar cross scctions which will be
an adequate basis for radar design.

For the present discussion, the radar application
is that where a radar is used to assist a missile in
acquiring a target and then tracking the target to the
point where the missile proximity fuse will dispose of
the target (for the purposes of discussion in this article

it will be assumed that the missile will impact with the



target - although this is not a necessary condition for
successful missile performance).

Two primary areas of interest for an air launched
anti-ship missile are the background clutter from which
a ship (or target in general) must be detected (a long
range effect) and the disturbing influence of angular
glint on the seeker's tracking characteristics (a short
range effect). A ship will be used for the analysis of
this paper since the problems associated with a moving
target are best illustrated by a conservative target es-
timate. A more dynamic situation would be the inter-
ception of an aircraft with a missile seeker, however,
the increased analytic complexity does not seem
warranted since the basic technique, not all of the
potential applications, is the intended goal of the paper.

The problem of clutter has received a great deal of
attention in the literature. Nevertheless, acquisition
represents a very important phase of a modern anti-ship
weapon system since the response time of an attacking
aircraft equipped with missile seekers is related to the
ability of the seeker to lock on the target. In
addition, the more favorable logistics of increased raﬁge
acquisition handicaps a potential enemy in detecting

and locating the carrier aircraft.



Although less frequently discussed, the problems
associated with angular glint can be much more damaging
and generally increase the design difficulties. At
large ranges, assuming acquisition has taken place, the
target can be assumed to be a point source and the well
known radar equation can be used. For non-cooperative
tracking (using reflected energy) the relationship for

the IF (Intermediate Frequency) signal-to-noise is given
1

by~ as: ,
Sy = % G AT
(T)R kG ENE L
where Y& is the receiver signal-to-noise ratio

prior to envelope detection but after
IF amplification

4 is the transmitted power in watts
G is the antenna gain (this assumes the

same antenna is used for receiving
and transmitting)

A is the radar wavelength in consistent
units
o is the radar cross section in

consistent units

R is the Radar Range in consistent units

is Boltzmann's constant 1.38 x 10—23

watts per hertz per degree kelvin

X

7 is the absolute temperature of the
signal source in degrees kelvin

is the equivalent noise bandwidth of
the receiver in hertg

Loss factor, numeric

NI

Receiver Noise figure, numeric



The radar cross section term,o, is the most
difficult term in the radar equation to describe
analytically. For relatively simple geometries, analytic
solutions can be obtained and these are listed in
reference 1. TFor more complicated targets either a
physical model must be constructed and evaluated using
an antenna range or a mathematical model must be derived.
In either case, some means is required to determine the
effect of the target cross section variation on radar
performance.

Now assume the target is being tracked. A thorough
discussion of acquisition techniques can be found in
either reference 1 or 2. As the range to the target
decreases glint becomes more pronounced. The critical
point of the missile flight path (with respect to glint)
occurs when the target subtends the tracking antenna
beamwidth and small variations in pointing commands at
this range represent large disturbances to the missile
(vehicles) control dynamics. A definition of angular
glint is given by1 as: "The disturbance in apparent
angle of arrival due to interference phenomena between
reflecting elements of the target."™ Therefore, the
degree of success in designing a missile seeker depends
to a large degree on the systems engineer's ability to
determine the glint spectrum for the anticipated target

vehicles. Here again, where exact surface features are



known (a condition not likely to exist for non-
cooperative targets) a physical model will provide a
good basis for determining the glint spectrum. Where
this data is missing, one has to either use similar
target characteristics or provide a mathematical model
sufficiently similar in large dimensions to provide
the required data. For a target with any complexity
the analytic method must use a statistical approach.
The final step in this analysis 1s to provide a
comparative basis from which design trade-offs can be
made. To accomplish this a general seeker model will
be used, and since the intent of this paper is not to
design a missile seeker, a conventional seeker scheme
will be used for comparison purposes. During the last
three years frequency agile radars (swept frequency
radars) have been used to increase the acquisition
range and reduce the glint spectrum effect on tracking
accuracy. A discussion of this new area of research

is included.

o



IT. OSEEKER DESCRIPTION

A. General

Since the primary objective of this analysis is to
derive a glint model, the radar model and control dynamics
scheme were selected from an existing design described
in reference 2. This was done to prevent including a
large amount of analytic detail which is present in a
great number of periodicals and standard radar textbooks.
Also, the final conclusions concerning the developed
glint model can best be determined by comparisons made
with existing models using a familar radar tracking
scheme. The tracking scheme used is contained in chapter
9 of reference 2. Basically, the tracker design used
will be a proportional navigation scheme. The dynamic
equations for this seeker are developed in appendix T.*

The radar seeker steady-state error as influenced
by the tracking loop bandwidth is analyzed for a point
in the missile trajectory close to the target. The means
by which the seeker arrived at this point (acquisition
and inertial guidance) will not be dwelt on as this is

another phase in the seeker designs where the effects of

XA brief description and the equations of motion are
contained in appendix I.

6



recelver noise, clutter and general transmission
quantities must be evaluated. The ultimate performance
criterion for a radar seeker design in the application
0of a guided missile is the missile miss distance.
However, the sensitivity of this parameter to various
error sources requires that we consider the design of an
entire radar seeker-autopilot—airframe flight dynamics
loop, which is beyond the scope of this investigation.
The discussion, therefore, is restricted to the analysis
of errors in the rate commands generated by the seeker
(which are supplied as an input to an autopilot in a
proportional navigation scheme) as a function of

line-of-sight variations.

B. Seeker Functional Description

Figure 1 is a diagram of the missile control system
for one channel (azimuth or elevation) of a proportional

navigation scheme. In such a scheme, the angular velocity

. * .
of the missile's velocity vector,¥ , is commanded pro-

portional to the missile target line-of-sight ratej;

. * ¥
i.e.b@:?M%5 where q 1s the constant of proportionality

and A is the line-of-sight rate. The seeker descrip-

LS

tion of figure 1 encompasses the tracking and

*Characters dotted represent derivatives with respect
to the appropriate independent variable.

¥*See equation AI-9, Appendix 1.



DISH ANGLE
AN SPACE

RADOME

A LLARENT”
TARGET™ ANGLE

w SPACE

COrIPUTER

Z

—— —— —— —— ——— S— T——— ——n oy m——— ot w—— o— tians

THRCET
ANGLE N
SrAcCE

TARGET
Mo rion’

AXGLE
> Zrack
> SrenNAL
KINEMATIC
LFEFLBACK
_*‘smaluzﬂf/da/ A
—> Sr7en AL
| A/KRAE ALICHT PATH ANGLE
RUIB PrLor {
M/SSILE | JARGET
|
|
FIGURE TII-1

GENERAL MISSILE GUIDANCE SYSTEM



stabilization loops. Generally speaking, glint produces
the largest effect in the azimuth channel where the
target aspect can be in the neighborhood of an order of
magnitude greater than the elevation.

Now the radar seeker design must allow the seeker's
antenna to remain pointed at the target during target
or platform motion, however, the response must be slow
enough to prohibit the seeker from responding to noise
inputs to the radar receiver. Therefore, the seeker
design represents a compromise whereby the loop response
needed to reduce antenna platform motion is obtained
with the stabiligzation loop, and the slower tracking
loop is designed to provide noise filtering without
causing large dynamic bias error. Figure (2) is a
diagram giving simplified transfer functions of the
variable components. The stabilization loop includes
the antenna gimbal, gimbal actuator, and actuator drive
amplifier, a rate gyro and shaping networks. Examination
of the transfer functionr4ﬂ7@ indicates that a high
loop gain is necessary to provide stabilization.
For this situation the transfer function%%ﬁ; is
approximately‘éékeg where £ 1s the gain 5? the gyro
feedback path. The tracking loop includes the radar
receiver, the angle tracking demodulation, amplifier,

bandwidth shaping circuits, and the stabilization loop
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already described.

A typical Transfer characteristic of the tracking

loop is:
Gr= GG /7 +G,Gy)
Where,
TG s A ¢ Sswy)
(1 # Sy )(/ - Stz
and G, - ks

/s #+ GG
This gives

G]‘ = L - K(/?‘ ‘S/‘UZ)
P SO+ Sl )7 + S/es)

The frequency where the amplitude of Gr is zero
Db defines the open loop bandwidth,éf, , of the tracking
loop (often referred to as the crossover frequency).
Typical break frequencies for this type of servo give a
slope at crossover of 20 Db per decade providing
stabilization of the tracking loop.

Random errors in the tracking rate /Lj are made up
of gyro inaccuracies, radar noise transmitted through
the tracking loop to the gyro output, and antenna rates
caused by the platform motion which is attenuated by the
stabiligzation loop. Bias errors are contributed by the
cervo steady-state and transient errors and are a

function of the servo type and servo bandwidth.



A small discussion is included on the error sources
to add continuity to the discussion, however, the
majority of this article is occupied by the treatment
of the glint problem. In addition, the error dependence
will be shown. This is done since for the majority of
situations, the bandwidth of the system is the means by
which the servo engineer accomplishes the compromise
between system dynamic response and noise sensitivities.

Figure 1I-4 contains a table listing the principal
error sources in addition to glint which is considered
for this analysis to be the major component of radar
noise at short range. The expressions for the errors
are developed as a supplement to the table. For this
radar seeker model, gyro bias error is considered
negligible.

To evaluate the error coefficients, one

ands / into a Maclaurin series into the
expat / + Gs)
form,
/ = / -t s + L Sy __._
/ + G0s) / + Kp Ky K4

These coefficients have been evaluated and are listed

in reference 3 and the values are:
Ay = K

Ka = A
K (1w, + g =1/ely) =/




some simplification can be made if the following

assumptions are valid,

WSy <4 X &y D> wp

G- = K‘—U/(J/C(Jg;‘-/)
7 = S2

and for this function

2
/«,4'—' “e = Q/c vy
We fewz

w4y = Kalwy = we (We /fe),)

Co. Derivation of Error Sources

otabilization -~ The following figure represents
the seeker simplified block diagram redrawn for a

disturbance input ©.

N

*
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A= G3

/-

GE

+
G,

FIGURE II-3

Simplified Block Diagram for a Disturbance Input &



14

The transfer function from output to input is:

")fL - / = /
e /1 +Cz (6, +63) G263

-

The output rate error for a disturbance rate& is:

. . This results by again
Ars = 6 reducing the block diagram
GzG3 and solving for 4r, as a
function of the
input &

Now if & is a pure sine wave of amplitude &, , the rms

error in Az is: .

/G2 G5/
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TABLE TI-1

TABLE OF LINE-OF-SIGHT RATE ERRORS

ERROR SOURCES APPROXIMATE RELATIONSHIP REMARKS
RANDOM
GYRO RANDOM B Acs 0.00728 £ 0. 02
ANTENNA MOTION . Single Frequency
0 7076 Input Rate. Peak
G,Gs Amplitude
BTAS
TRACK LOOP .o cea Tor
Ars  Acs
Ky Ka Gr - K(S/"/z"/)

SCSha,# Yy #7)




ITT., TARGET DESCRIPTION

A, General

In describing the target, the glint problem must be
defined in terms of the target size and the beamwidth of

the antenna to determine the range at which the glint

noise spectrum becomes significant. Two methods are used

to determine the effects of target glint on terminal
tracking behavior. The first is an analytic approach
fashioned after the analysis of a two element target
described in reference 1. The second approach 1s to
describe the target statistically and use the results
of this development as the glint noise spectrum input
for the seeker. For the statistical approach, the target
will be assumed to consist of a collection of individual
targets whose scattering properties can be described
statistically. Also, a known glint spectrum is used

for comparison purposes.

Now, one would expect that the majority of these
scatterers would operate in the surface and edge
scattering region. The reason for this is that for good
acquisition range (high antenna gains), nominal weather
performance, and present state-of-the-art design
capabilities most anti-ship radar seekers are presently
concentrated in the region above 10 gigahertz. The

smaller antenna also provides a larger target-to-clutter
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discrimination although the smaller beamwidth compoundg
the dynamics of acquisition. This region of surface
scattering 1s one where the optics case is being
approached, therefore the geometry techniques employed
in optics can be applied to obtain approximations to the

scattering problem.

B. Target Optics

An analysis of an n-element target can be made, the
analysis being similar to that of Locke in reference (1)
page LLO.

For this analysis the function for each lobe of a
tracking radar antenna pattern may be expressed as a
Taylor series about the crossover point as seen

in Figure III-1.

HOV =+ (-8.) 42 L) e

A

Figure ITII-1, Tracking Radar Lobe Pattern



For small angles off-axis, only the first two terms
may be retained, which is true for an antenna response
which is a linear function of the error angle, and this
is the case for targets which are close to the boresight
axis. Then the amplitude response can be written as,

e=&[r2 pl6-8)] (3-2)
and for a single element target, the signal from lobe A
1s
Cy=Gl/-pler-8)]coswt (3-3)
and from lobe B is

Cam = Glrrplor-8s)]cosw (3-1)
where G igs defined in reference . as lumping together
target size, system gain, etc.. The detector squares
&4 and g and a low-pass filter rejects all but the d-c
term and low frequency terms and since appropriate
filtering is used to filter out the second harmonic,

& = GZ/O ($/"‘Qa)
and for an on-axis target, &y =&rand & = O.
Now if the target consists of two reflecting elements,
each will contribute to the received signal. The returns
will be at the same frequency but any phase depending upon
the relative range. The nature of the problem becomes
evident at this point since at relatively long ranges,
where the target span is less than 5% of the radar

beamwidth the target will appear to be a point source and



will continue until the radar antenna is capable of
resolving the individual target elements, i.e. at
relatively long ranges the return energy appears to be
concentrated at a point source. Reference . contains
the solution for two targets with the results included
in graphic form. The results are included in this paper

for reference purposes in the form of Figure III-2.
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Figure 1I1I-2, Tracking Error For The Two-Llement Target

Locke's result 1is,

90 :<97- + Qa Q, + @& Qosx (:_)
’ /*~QRQ2+2Pa Cas ="

where, o is the relative phase difference for the two

target returns

S,, is the off-angle for target 1



and Gp is the angular spacing between the target
elements.

Now equation 3-5 is plotted for varying phase
difference (). Two cases are of interest, first
for < = o, the two return signals are in phase. Then
the coefficient of Bp in (3-5) will reduce to 59442*4)
and for 180 degrees the coefficient reduces to @A@-7)
For the second case the angle of gzero error will be out-
side the limits of the two target elements.

Now for n = 3,
CB = Gf1+p Er-&)coswt + &, Gﬁ*pfé};-é,_//ms(wtny)

# QzG[/*-,O/&/‘;—@,)]Cos(wzf fog) (3-6)
and,

Ey = G[/—,O(Gr 9)]Coswt+a G[/—,a(ﬁr -8, ]CoS/wtm) 1_7)
+ @ GL/~p (873 -6 )]Cos/zuz‘+ )
where @, is the amplitude ratio of target element two

to target element one, and &, is the amplitude ratio of
target element three to target element one, and e«, and
o<, are the phase differences between target element one
and target elements two and three respectively. Now to
proceed with the development, € and € must be squared.
The simplest approach appears to be to make the follow-
ing substitutions, For &4

A= Gl1- 087 -a)] (3-8)

B=RG[I- 5(67,-85) ] (3-9)

C= @QG[1- p(E3-E2] (3-10)



Then,
2 [ 2 N
s =L Acoswt +Bcoswtrt)+Cess (wtro,) ] (3-11)
and expanding this and using the fact that appropriate
filtering will leave only the low frequency and DC term,
&éq°= Alp # 3/,2_= +Cl #+ ABCos= » AC cos =<2

#+BC(CoSor CoSer, »Sines Ssnen ) (3-12)

Likewise, for eas
'4/: G[/f,o(@;;‘—ga)] (’2_1})
8= @ Gl1+p(87-8)] (3=14)
c’= ,6[1rp(85-4)7
then,
2 ,2 /Z /2 [P ‘7
Cpi A/p #8/2 +C/2 »A8B pose; #9C cosan ,
#BC’ (Co5°; cos oy » Sins] Sina; ) (3-10)
substituting the corresponding values for A, 8 C ,0//

/5”, and ¢’ into the expression €= €8-ca?’
€1/ G9p(0r-8) + A°G IplGr.-8 ) » 3,7 G %0 (873 -&) ]

+2005% @, G 5[ (67,-8,)  (B7,-&) ]+ 20052 2, G plBr-&) + (6, -4]]
+@Cos Q5 Co504 + 5119, SIN, )3, 6}[2&7’_-%),;/97_‘, —00)_7 (3-17)

For the on target conditions &=0 and
8= O5+a g+ 2B +@csss (br; 46 )y @om O G raafrmtosnt HUm)

[1+9% @ +3Q,005C +2Q co5°G +2Q, @, (€03% Cos50L+ Ssnel; Sinoe )] /(g;;_ »&rs )
Now for purposes of extracting some useful information,

assume

By, = O7, + Op

d
an Grys O - o



Therefore,

2
O -y Ol B° AHr Qo5 - @ cosen ]
o s
/R4 D21 2Q,Co55 +y Cos G +2 QB (Cosor Cosoy #51n6G Sinq, ) ( 3-19)

To evaluate equation (3-18) for all possible conditions
would require the use of a computer and a considerable
amount of programming and operating time. This does
not seem justifiable when the target in reality is
statistical in nature and one would penalize the seeker
design by attempting to apply equation (3-18) or its
successor for a model employing more target elements.
However, a few cases will be investigated by using
equation (3-19) in an attempt to arrive at some general
considerations. For the first case, assume &, is equal
to d; and the respective phase differences are zero.

From equation (3-19), the indicated error is zero. For

case two, assume @, is equal to & and <% = o and

o, = 1800, thené9:5;+éb.55?;~ , which indicates
/e,

a fixed error. Now ifeg= o9, = 1800, then &,= Gr »

Ep (o) , and again there is no error. The error will

become infinite at those points where the denominator
of (3-19) approaches gzero, rearranging,

2Q 1+ cosecose, #5ine; sinen,) + 2@ (Co5%, rCosa, Y4 O

k4
a + a—(eo-”":f‘cosou) — / -
I FCOS™,Cos0, £ 5inor Sinay 2 (7 #€039 cos oy +51nef; Sinedy
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Now this is a gquadratic in a that could be programmed
on a computer for solutions, if any exist. The apparent
difficulty in finding a root to satisfy (3-20) might
indicate that as additional target elements are added
the severity of the tracking error is decreased. The
solution of (3-20) and the number of roots obtained
would either confirm or deny this assumption.

Figure III-3 illustrates the general missile coordinates

which will be used for purposes of discussion.

o= JNGLE OF ATTACK

E=7ARGET ERROR. ANGLE

A 52 LINE-OF-3/646T ANGLE

o<
B
FZANGLE OF JHE £L1ewT
POATH VECTOR

2 QITITUDE AAMELE

-—

Figure I1I-3, General Missile Coordinates



Also, the required space geometry of the seeker and

target is¢ illustrated in Figure III-4.

%

B

4
LS Y
V-

Figure I1I-4, Space Geometry

The angular velocity of the line-of-sight in opiace can
be derived by finding the normal components of the
missile velocity\47 and target velocity V- with recpect,
to the line-of-sight. From Figure III-4, the exprec-cion
15,

— Ays = Vg Sunv (4= Ais) +\r Sian 3 (5=21)
_ R

where,
Vm = missile velocity
Vr = target velocity
R = The range between the missile and the target
Ais = Angle of line-of-sight in epace
= Angle of the flight path vector in &pace

B = Angle between the target velocity vector nnd

the missile-target line-of-cight.
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Now the tracking geometry shows a dynamic environment
where the relative motion of both the missile and the
target provide kinematic feedback to the seeker tracking
loop (see figure II-1). The error angle derived from
the seeker antenna is directly related in both magnitude
and sense to the error in heading of the missile.

Now for a missile airframe perturbation an error
voltage is developed at the recelver output terminals
which may be expressed mathematically as

F= k(I As) (5-22)
and, a rate of change of the anglegf' occurs which is
proportional to the input displacementd- 4«s. This
may be expressed as

L= @, (I~ As) (3-23)
The parameter ¢/, is equal to the ratio of the missile
velocity divided by the range between the missile and
the target multiplied by a proportionality constant Az.
Thercfore, the combined error becomes the sum of two
toerms.  Letting X, equal K, and integrating both
sides of the expression for the rate signal,

fmﬂ = / *+r /s (3-24)

- Ais
where ¢, = Vi /R

$S - The Laplace Transform variable

-

&F-Aes
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When the missile is at long range w, is small since R
is large, and W, 1is small with respect to 1 and the
effect of the integration term is small. As the range
closes, the corresponding lag caused by this integration
can cause instability (see reference 1, page 0628).

The remaining term of equation 3-21 is considered
next. In contrast to the preceding discussion the
second term of the equation deals with target motion.
The target motion is reflected as an error at the seeker

antenna and Z; can be expressed as,

z
L = V[ SmwB oz
> TR

and this can be expressed as

¢
_ Vr S8

If the assumption is made that during an interval of

time the angle & and the range have particular values
and are not functions of time, and sinceég; may be
taken to be constant éi;és takes the form

j;/g = e/ (3-25)

where
CC/Z = V]‘ S/A/E
RA
The value of &z varies with target velocity, the angles

of the space geometry and the range to the target. Again
at long ranges, the value of &gz 1is small o that target
motion has very little to do with the rate of change of

the line-of-sight angle 1in space. However, when the
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range decreases then small perturbations in the target
or missile motion may cause large variations of the
target angle.

The preceding discussion illustrates that at short
ranges where bandwidths are of necessity required to be
larger to reduce error (Larger bandwidth here inferring
shorter time constants) the rms value of the glint
spectrum becomes larger, as more of this noise is intro-
duced due to the increased bandwidth. Therefore, the
next subject for discussion is the development of the

glint spectrum.



29

C. Target Statistics

Basically radar targets behave as parasitic antennas
and can be grouped into two general classes. The first
class has essentially fixed geometry such as a cylinder
or sphere. The second class has a geometry which is
best described statistically.

The radar cross-section is a transfer function that
allows us to go from the power density in the plane wave
incident on the target to the power delivered per
unit of solid angle in the direction of the receiving
antenna. (A1l discussions in this article assume a far
field antenna pattern, i.e. an incident plane wave at
the target). The plane wave criterion is generally

(20)°
X

where

considered to be in effect for rangessﬂ€)2>
D is the diameter of the largest aperture. (A discussion
is included on this subject in Appendix II). Now the
scattering cross section can be analyzed using the
following approach. The power collected by the

recelving antenna 18 | The power per unit area at the
tarpget] X [The power delivered by the target per unit
solid angle in the direction of the recelving antenna

per unit power density at the target ] X [The solid

anglce of the effective collecting aperature of the

. . bl
radar receiving antenna, 4as viewed from the target ;.



The solid angle of the receiving antenna is, by
definition of solid angle,”k[ka . Therefore,

Power delivered per unit

P Gy solid angle in the direction| Ae (3-26)
';E;?ZE“‘ of the receiver per unit aé F >
r.

power density at the target
Now we replace the real target with one which reflects
isotropically but still delivers the same power per unit

solid angle in the direction of the receiving antenna

(per unit power density incident at the target), then the

total power that this isotropic reflector will delivery
will be LTI times the middle term in equation (3-26);
this power will be uniformly distributed over a sphere

at any distance from the target. The fraction of this

sphere occupied by the receiving antenna is Ae L .
Rp® 4T

Therefore, 1f we define the target's radar cross section

of the isotropic reflector which delivers the same power

per unit solid angle, per unit incident power density

in the direction of the receiving antenna, as the actual

target does the radar equation becomes

/Pt@r)(0‘>( )(——43 (3-27)
a7 Re®

The previous definitions can be combined to express

the received energy as: the power received over the

solid angle of the receiving antenna aperature is equal

to [The power incident at the target per unit area] X

o X —— [The solid angle at the receiving aperture].

30



Or,

Power delivered per unit solid angle
a = 7 in the direction of the receiver
power per unit area incident at the
target (2-28)

The power delivered to the surface area of a unit solid
angle, at the receiver, ist~R:' where P~ is the power
per unit area in the plane wave, at a distance Rr from
the scatterer (i.e. at the receiving antenna). If Ps

is the power per unit area incident at the scattere:

then,
o= 7 H N (5-29)
P
Now the average power density of a plane wave 1g
=2
/ .
P4/ E//H = '/72_5/ 2/ >z / 4/ (3-30)

where £ = Electric Field Strength

—

A

Magnetic Field Intensity
27 = The intrinsic impedance of the propogating

medium combining equations 3-29 and 3-30,

o= TR A ) ur R, 2 /& /" (3-21)
5y He)® JE
and a far field definition of equation 3-31 is,
g YT Z//"/ Ay ///,/ <t Lora /'ﬁ’,."/f:r/ (2=32)
B> Jh.* K= JE/T

This last expression is the one invariably used to

determine the radar cross section after the scattering

problem for the reflected field strength has been colved.



Now for large targets, where local surface currente
in one part are relatively independent of the current
in another part, the reflected field at the receiving
antenna is the vector sum of the fields which have
arisen from each component target separately.
If‘zip is the reflected field produced by the kth
element and dk 1s the distance of this element from
the receiver then,

/&,/= /KZT /e 1t TR (3-33)
Because, even at closing ranges, the parts of the target
are relatively close together compared to the dictance
between the transmitter and the target, the incident
field strength Z; is approximately the same on all the

parts of the target, therefore,

/E}/ 7L//éﬁr-,u/ J H#rdk,

and substituting this result in equation (3-32)

/Z )/“e""‘/”“”‘/x/z (5-75)

This equation will form the basis for constructing a

(2=214)

statistical target model. An example for a two element

target 1s, 2 J’(#Jfa/g 2
os [2 Vo e //z*/
K=/ 2

- (Ve TR 2 e S87L) )
= O +0, +,2I070i'c}o:;[~%gf(1¥-+cﬁ);7

Now using the previously developed equation, the

basic assumption required to justify the use of this



expression is that the total field produced by a group
of individual scatters is a linear combination of the
fields that would arise from each individual element if
the elements acted by themselves. Therefore, the
elements act as independent scatters, and there is no
mutual coupling. In addition, the assumption is made
that the individual cross sections remain constant.

The time during which the glint spectrum applies
is short, therefore, the phase ZZ%%‘is a random variable
which can take on any value from/éero to 27 . The
desired cross section, from equation 3-35 is the vector
sum of n vectors which have random relative phase.
Assuming that all of the scattering elements are
identical (all of theOr% are equal) and calling the
value of the cross section of any one element Oy, ,
equation B—BS_E?comes _ 2

o= 4;2/‘(‘_7‘76”"%%/ (3-36)

Statistically this problem is identical to the isotropic
two—dimensional random walk where n successive steps
of fixed length O are taken and where the direction of
each step is completely random. If we consider the
X ~component of the K0 step to beVU, cos @%%gk and the

h step to be Yos sin 4mex , then

A

the joint probability density function of components

}—-Component of the kt

(){;1) after % steps is,

e



This result can be justified as follows, for two sets
fkgza)f and §k51(*{} which are independent, the joint
probability density function is,
pLlsn) = 2(s)p (n) (3-45)
Now let,
Y=5+71 in order to define y for a particular s, then
= J-S (3-146)
therefore for each s the integrand for the convolution
integral becomes
Ps) R (y-5) (3-47)
Now s can take any value from-e2 to =@ , therefore
summing over all possible s gives the result. Now let
Y ¢jer) and Y2 {jw) be the Fourier Transform of B¢s)  and
A2/s) respectively, and these are defined by,
(3-48)
(3-49)

Y, (jew) = L Y3 prsyds
Y, (jew) = .Lde"/‘wn&(n)dn
Now from equation (III-47),
-
,o/;): _/’; A5) R (g-5)ds
and
y//w) = :/a‘ C—Jw#ﬂ(;)o/ﬁ.
therefore,

e
- _J’w(sfn)/,f/s)/L/;—:)o/so/ﬁ (3-50)

yZya))= ;L:‘g

Equation III-53 can be expanded to show

V{jew) = Y Gew) Yy e ) (3-51)



Then, the probability density function,ﬂiﬂ) is given by

taking the inverse transform of equation (2-51)
or,
/ 7 Jwy
P/;):;_;f_,/”e Y () Yy (fes) e (3-52)

This last expression illustrates that the probability
density function for the sum of independent random
variables may be obtained by first determining the
Fourier Transforms of the individual distributions and
then by calculating the inverse Fourier Trancform of
their products.

To illustrate the modified spectrum due to
additional target elements the individual target
statistical characteristics will be assumed to be
normal. Suppose that #£¢5) and Z ) are governed by

independent normal distribution such that
/ e-/.f-/‘”,)z/ga‘;z‘ -

4

Pls) =

and

/ ——/77')942.>/;0:L <:\ [';1)

= e
Z (n) o, Var

Now to obtain ,cgy) the Fourier Transforms of P¢s) and

/2(»n) must be obtained.

The resulting inverse transform 1s

= "”7)2/40_‘1‘ 1-55
/7é7)::0-é5?‘f 7 ( .

where



and

Tt oort e on (3-57)
Thus the sum of two independent normals is also a normal
distribution* with the resulting mean and the variance
equal to the sum of the individual means and variances.
This analysis can be applied to the sum of many

independent variables. These results are illustrated

in figure III-6.
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Figure I1I-6,
Probability Density Function for Sum of Two Normal
Distributed Variables

Therefore, the standard deviation of the total glint is

a function of the target size

¥These are classical results, C.F. Reference

(1) p. 390.
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IV. GLINT MODEL EVALUATION

A, General

The previously defined model will now be used to
evaluate the effect of glint on the angle tracking

performance of this seeker.

B. Seeker Performance as a Function of Glint

The average angle of arrival,02:5»§(d) about the
actual direction of the main target is (see reference )

for a two-element target.

»* _
o, = L Cos & K/COS (/4-—l)
(Lot ) Hieosy
where
B = QL7 s YA (L-2)

Q{: angle between the target axis and radar wave front
R = range to target
= ratio of signal amplitude from major and minor
reflectors.
The mean square value of the rate error due to glint
is given by

2 S G;' (S
> ) o’s -2
(OS) .?777/ Y~ // f—Gr(S) f“ (4=3)
Gy 2

is the tracking loop transfer function

where/ py

previously defined and s represents the differentiation

performed by the gyro.

*See Appendix IIT.
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For large ¢/3 and for w'/édz Le 7

S7 = ke (V2 #1) (4-1)
/4 Gr SZ 7‘-/(a,($/wz,¢-/)
where,
Gr T Ka (Yewz+s) /52 (4-5)

Now substituting into the previous expression for the

mean square value of rate error, (see reference 11,

page L58)
5&(-%«4,,/) _
(> -?77// /s‘,a/(a_(ﬁ/wzﬁ)/‘“f““"’s (4-6)

Now putting thls expression into a form given in a

table of integrals (reference 8, page 369),

- V/aj S
(%)= k73 ”Jf [ g ) o) gy

The solution for the integral given in the table 1ir

T = _Ka,(/*wz/HJa,)_/ (1,-8)
therefore <l@Wake=cus iLk&)(/"‘—)(/"li)z)]
Ka (/+wﬁ/wz) r Wz (4-9)
()= Ko “5%f e[ty - 22 )07 SR )- wa et }

substltutlng into the above expreqq1on

Ke = WfYaEn T o4eT/K

where e 1s the crossover

frequency of G 7¢5)

2 "
9 _ [‘ “Jz-) K+ Ky + r )
e, O 2K K+ Ky +re




Sample calculation of seeker rate error

Glint-Assumed values for target and kinematics

values are as follows:

4

~ =o0./
L = SO (rreFers)
R = ék%)()ﬂe%%rj)
¢ = o
Wa = @99, 29/ and O.°9F rad/sec

Substituting into the expression for the average glint

angle,
o, £ Cos P kicasd
using a Ku-Band radar where the wavelength is assumed
to be 1.84cm and the glint noise bandwidth is
(,(J; = Z

= 6. 8:& é<§u3‘<?nc/ /36 & fad/sec

For the above computed values of 0¢ and«jg,0s is

plotted as a function of the open tracking loop bandwidth,
ew,. 4in Figure (IV-1). From the curves of figure (IV-1)

for we equal to 6.28 rad/sec.



GLINT PRODUCED RATE ERROR AS A FUNCTION OF
TRACKING LOOP BANDWIDTH

FIGURE IV-1
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V. A RECENT GLINT REDUCTION TECHNIQUE

A. General

Recent technological advancements have provided
means for reducing radar tracking errors by utilizing
a principle commonly called frequency agility. The
effect of glint on the accuracy of radar angle tracking
has been described in the previous sections of this
report. This section is devoted to describing
analytically, the improvement which can be derived by

using a frequency agile technique.

B. Analytic Improvement Factor

For the purposes of this section, whether or nct
glint is a significant problem with a fixed frequency

radar is not considered.

Analysis - The reduction in glint tracking angle noise
afforded by frequency agile radar can be derived on a
very much simplified basis. The basic reason for the
improvement is that the frequency agile radar obtains
more independent samples in a given time than does the

fixed frequency radar.
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If the frequency agile radar jumps rapidly and far
enough so that each pulse is completely uncorrelated,
the number of independent samples per second is simply
equal to the pulse repetition rate, fr.

N, (£4) = Lr (5-1)

If the frequency agile radar does not have unlimited
bandwidth, then the number of independent samples per
second 1s equal to the number of independent frequency
samples that can be obtained in one second. This is
dependent on the total frequency agile bandwidth, the
correlation bandwidth of the target, A4+ , and the
correlation time of the glint, %3 . The correlation
bandwidth of the target is given as

af= 5 (5-2)
where C is the velocity of light, and O is the length
of the target in the range direction. For example,

a target 15 meters long will have a correlation
bandwidth of 10 MHz. When the number of independent
camples is bandwidth limited, the number of independent

samples per second is thien

N, (FA) = Q—Bf‘)(‘z{;) (5-3)
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In a typical case, B equals 500 MHz, 44 = ©M42 | and
é; = 0.05 sec. For this case,
W (5A) = (520 ) (L )= sooe (5-1)

Since we have generally been considering PRF's of over
1,000, we will find that the number of independent
samples is bandwidth limited rather than PRF limited.

The total number of possible independent samples
per second is 1,000; but if we use a random tuning
system, we will have some repetition, and thus come
fraction of the 1,000 will be identical pieces of
information, not independent samples. We will later
show that the average fraction of independent samples
is about 70% to 90% of the maximum possible. Assuming
a value of 80% for the case described (M= 0. ), we
obtain 800 independent samples per second.

Now for a fixed frequency radar, the number of
independent samples per second is simply the reciprocal
of the glint correlation time.

/\//_-,c =L pPer Secownd (5-5)
2
The ratio of the improvement of the frequency agile

radar to the improvement of the fixed frequency is,

= = (5-6)
= YNea - /B8 4 =) -
z /o /A;"gf - V57




As an example, with an agility bandwidth of 500 MHgz, a

glint correlation bandwidth of 10 MHgz, and /M = 0.8
L= Vas 222) = Juz
= 6.5
3

Barton, Reference -, gives the effective number of

»r
pulses integrated as 555, where B» is the servo
bandwidth. The reduction in glint is proportional to
the square root of the number of pulses integrated;

thus the improvement factor is

- YA i -
7 (FR)= %;éﬁb (PRF Limited) (5-7)
or
—Z%(OQ4):Zi%%§5%;}7. (Bandwidth Limited) (5-8)

whichever 1s smaller.

For fixed frequency,

){ -9)
LcFre) = E;T_,é” 5

Note that for both fixed frequency and freguency agile

radars, the tracking error is reduced by decreasing
the tracking servo bandwidth.

To calculate the fraction of the pulses which are
independent, we will assume that the bandwidth, 8, is

broken up into n discrete frequency resolution cells.

2 = each JF w.de

8
aF

(5-10)

L8
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We now generate a group of 2 samples (come are
independent, some may not be). If we plot a typical

histogram, it will look something like Figure V-1.

HISTOGRAM
~< 3 -
/]
3.
2
/
e AF —1
Figure V-1

The probability of getting a hit on one trial iséh. The
probability of getting a 2zero in any one resolution cell
on all # trials (samples) is
Pz (1-5)° (5-11)

The number of samples is simply the number of pulcern
in one glint correlation time period: #Z equals PRF-¥3

We will now set out to compute the average numoer
of empty cells. Let K be the number of empty cells.

Then the average number of empty cells, K , is:

x|
i
~
-
?L
G
|
*._J
DO



Pkzo) . probability of A==€ (all have at lenct
one), or the probability of any one cel]l
not empty = /-/

P (K=0) = probability of all cells not empty =
G2 '

PlK=1) probability of K=/

1

PK=1) probability of one cell empty and all

others not empty. The probability of
a specific cell being empty and the rest
not empty is

pery= By’

e ¢
Now there are Z ways of choosing which one is empty;

therefore, y
ocr=1)= (F)AB (r-2)7"

and
P (,e:z) = (?) 72 Z[/—/Z) 7=t

The general term is obviously

pe)= (R)(BY (BT
This is the binomial distribution. (We could have
possibly arrived at this conclusion by ingpection of the
process.) The average number of empty cells (R) i then

A= nR = n(/-;—ﬁ,)&

—

——:‘7’1'}2 -2 &
M= L A - (- F)
Substitutingiﬁ back into equation (6) for the improvement
over a fixed frequency radar, we get:

I=Vir-ri-tm1%% (5-1%)

z=Vei-p-4£7752 5 (5-14)




and substituting for af

Z:)Ev—(t—r__%g)m’:%]_éﬂé (5-15)
c
putting in the value of C
Z = V- ¢1- 3208 ppr égq 2B -

e 203,) * {73)</a3 (5-16)

=Voi- (- 3x103)"" Zz 3 “‘)‘k_‘ PIF: Gy o
28 ! Fxp® PB= B (5-17)

- — - /,o"xmg"" 3

= )/[/ / 3 ) ]m (5—18)

Results - The improvement factor is plotted in Figure
(V-2) as a function of the ratio PRF to glint bandwidth.
Note that increasing the agility bandwidth is the most
significant factor influencing the improvement factor.
Note that this improvement is with respect to a fixed
frequency radar. Both types can effect a further glint
reduction by averaging the glint over a time period
long compared to the glint correlation time (for
example, by the tracking servo bandwidth). Since thic
factor affects both radar types equally, it wasn't

analyzed here.

Analytical Approximations - Some approximations were

used in this analysis, and hence the results can only
be viewed as approximations. For example, equation
(5-15) gives the number of independent samples per
second as the reciprocal of the glint correlation time.

This would only be strictly true if the glint
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autocorrelation function were unit from zero to%;, and
zero elsewhere, which is a physical imposeibility. This

approximation is shown below.

3
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3
FIGURE V-3

GLINT AUTOCORRELATION APPROXIMATION

¥9==J— . Tfor a

A further approximation is that By
description of this approximation, see Reference y

pages L35 and 436. It is felt that the total uncertainty

introduced by these approximations should be less than

a factor of about 1.5.



VI. CONCLUSIONS

An analytical approach was used to describe the
effect of Glint (angle noise) on the dynamic tracking
characteristics of a missile seeker. The equations
which resulted were too cumbersome for extracting useful
information without the aid of a computer for a target
model with more than two reflecting elements. This
approach does not adequately describe the physical target
because the return energy actually has a statistical
distribution for all but the very simple geometric
bodies.

The statistical approach fashioned after the
classical random walk problem {(from statistics) was used
to develop a statistical distribution. The resulting
distribution was Rayleigh and transforming this into
spectral form illustrated that a low frequency
distribution resulted which is similar to present day
glint models derived from experimental data. The results
were then incorporated into the classical statistical
analysis of feedback control systems with the conclusion

that glint is the predominant error source for closing

ranges.



In addition, a new technique was discussed and
analysis showed that an improvement can be obtained by
reducing the effect of glint through the use of

frequency agile techniques.
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VII. APPENDICES

A-PROPORTIONAL NAVIGATION*

1. Definition: A proportional-navigation course is a

course 1n which the rate of change of

missile heading is directly proportional

to the rate of rotation of the line-of-

sight from the missile to the target.

Kg
7’1__L____>v,-

r

M

Vr
VM

¢

@m
f

7

1

i

i

I

instantaneous missile-
to-target range
missile position
target velocity
missile velocity

angle between target
velocity vector and
line-of-sight

missile heading
missile heading relative
to line-of-sight
target position

Figure AT-1, Proportional-Navigation Geometry

As an aid to deriving the radial and trancvercc

components Figure Al-2 can be used,

ce

~\

¢
)

—

Er

Sf& are unit vectors

Figure AI-2, Polar Coordinates

1
*See reflerence

5¢



Since the vector ¥ is v units long in the &,

direction,

= re,- (Al—])

<1

and the velocity is given by
T _.. . - iy A—
V= p =Y‘ey~ t+ F €y (12>
where .
e}_: dé_)»
d4Z

The unit vectors &p and @ must be determined. To

do this we move from point P to point @ in Figure Al-7,

e?*AQ ¥ PQQ’.
P -
— _— <y
& é"_ 4€e &, +AEy /
¢ er
P éffﬂf—v
F
Jl’f
FIGURE AI-3

Evaluation of Polar Coordinate Unit Vectors

now in the limit

S . dédd = PEP (41-7)

Sr T JF JE

Cp= deP P _£E (A1-4)
JE JE

the velocity vector may be written from Al-2-3-4

as
V- Ry +rdeg (A1-5)



The velocity for the geometry in Figure Al-1 is
given as
Vererd (A1-0)
where r is the velocity component taken in direction of

v and r® is the component taken in the direction normal

to r
Then =\l cos @ - VM cos(d-Im) (A1-7)
and using the sign convention adopted in Figure Al-3
/n;z9‘_~ -V Sin@ +Vrp sin (P~ Dom) (L1-2)
and
679;/ cad (81-9)

where (A1-9) represents the proportional mentioned in

the definition where the constant a is called the

navigation constant or the navigational correction.

Now (A1-9) can be integrated directly and the recult ic
Irr = ad » o (A1=10)
From reference © if @=/ and #=¢/, a pure purcuit

course results, and if =/ and ¢, is fixed then a

deviated pursuit course results. Ifgi: o , we have a

constant-bearing course. This was the reason for

selecting this guidance mode as it 1s representative of

various guidance schemes.



The equations of motion A7-8-9 cannot be solved
in closed form except when @< & . The solution for
/= & can be found in reference L along with additional
discussions of the dynamic characteristics of the

proportional navigation scheme.



B-FAR FIELD CRITERION FOR PLANE WAVE

Figure AII-1, Antenna Pattern Geometry

A general criterion for the incident plane wave
criterion can be found in Chapter 6, of reference Y.

The development is based on the principles of optico.
From Figure AII-1, an examination of the geometry
reveals that for large R and a finite receiving
aperature the phase variation across the aperature 1ic¢
zero, i.e., a plane wave.

For point P , a wave emitted from the source g will
have a phase shift //El’[)k' and for the same wave arriving
at A4 the phase shift will be{%?é)s. However, S i¢
dependent on the range R and the aperature width O,

. 2 7
since s= [R*+ Ly ] 7%
Therefore the phase difference between A~ and A due tO

a wave traveling from ¢ 1S, ¥[5~R) = 47

Z
o ap [(R*+0y) SR ] 0P
A



- (x 4 L)/)’LO—
wiv,g)e = (1-+7)

changing from rectangular coordinates (x,7) to polar

coordinates (E,8), the distribution becomes

Z
LU[é‘Q = “5/72_0; PREYe)
)= p‘mre (2-:2)
Now if this expression is integrated with respect to 9,
2
w &)z RE o-€ /05
naae ()")9)

and since ()":Xz-f—;z , we have (J’:E‘)

wir)d oz T o T/MIs (3-40)
L Jo
This is the Rayleigh distribution, wherc the

average cross section is@=m0s, Therefore, the
average echoing area of the assembly is the cum of the
echoing areas of the individual elements. Now, two

glint models are available for continued analycic.

From Barton (reference 3) the power density for a

standard glint model 1is,

§(W\ = é';(o) (77—1’;1)

g +w"-

where Wg is the half-power frequency (noise bandwidth)
(3)
2 wa L (=n)

}- .
and é(O) ~ is the zero frequency spectral dencity or

£ onax =

average amplitude squared.
We. = rate of change of aspect angle
L = maximum dimension of the target measurcd
normal to the direction of the radar beanm

and to the axis of rotation



A = radar wave length
A second expression can be derived by translating
the developed model into spectrum form. To calculate

the power spectral density,

Blw) - [;;'“""’r/?c o)

oy
- A7 7«

where, Re7'= A€~ "'y (Rayleigh Power Distribution)

and, 4= //7208

Then -~ w 5 Y
- -l
f(w) = /.;_/_'e. sl %

/4_/‘_ (Cosw}"—‘/'.s*/nwﬁ")e "9§/7‘
= A/.‘Cosw?"e"4}10/)"-/4‘/'/‘:(:0;0«_/5"@'4}:{}‘

Returning go equation (3-42), and assuming that

u

RC7 represents the autocorrelation function (which

by definition is an even function).

Then RC(F)= Ae=?7
and f{w) = 24[8 COScu/ d;" (3-473)

- an {Lleoswtf o= 22705
From the previous development, and the model
described one observes that the glint spectrum is of
the low-pass type, and from Barton, reference 3, the
bandwidth is proportional to the spread in radial
velocities within the target, divided by the radar
wavelength (i.e.,éﬁ;='éwqé%%ﬁf)). The general glint

spectral density is demonstrated in figure III-5,
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B-FAR FIELD CRITERION FOR PLANE WAVE

Figure AII-1, Antenna Pattern Geometry

A general criterion for the incident plane wave
criterion can be found in Chapter 6, of reference 9.

The development is based on the principles of optics.
From Figure AII-1, an examination of the geometry
reveals that for large A and a finite receiving
aperature the phase variation across the aperature 1is
zero, i.e., a plane wave.

For point P , a wave emitted from the source g will
have a phase Shift/gfy/? and for the same wave arriving
at A the phase shift will be/%@)j. However, S 1is
dependent on the range R and the aperature width & ,
since o= [RZ+ D}¢j//2
Therefore the phase difference between /~ and A4 due tO

a wave traveling from @ 1s, ?/{T[S—R) = 47

, L
R R O YA
A



now assume

D/z = KR, w= Yzr  R= Zzx
then

o7 t, r02)%

[ (RU+kR*) -] = 44
and
%

27, R (1 +k) - 1 ]= a4
expanding the radical using the binomial theorem and
disregarding higher order terms,

_ 27, RK*®
ﬁ¢'7 z

ad = EL(1+FK20)R

= 27 (K*R
49 /L(-__a..)

now an accepted minimum phase shift is

now

Alle then K2R £ <ljq

o

Z
and | (* 2 a/\/{(‘p\,_ rMar

and from the previous assumption,

Kt £ 2GR = A/aR = Olgn
or

R 2 2022

The problem which exists when considering a plane
incident wave for glint analysis is that the target
completely fills the seeker beamwidth and for a
closing seeker the incident wave will not be a plane
wave. For a purely analytic analysis this factor would

have to be incorporated into the analysis, and this
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technique used in the analysis of a two and three
element target. The statistical approach could be
handled by employing a two dimensional statistical
model, however, the phase distortion in the incident
wave along the target (aperture) will be incorporated
as part of the random phase distribution returning
from the target. Therefore, a constant-phase front

is assumed for the incident wave at the target.



C-ANGULAR ERROR FOR THE TWO-ELEMENT TARGET

For the purposes of completing the analysis an
expression will be developed for the angular error
of a two-element target. The development will be
similar to the approach used in reference E pages 85
through 89.

For the purposes of the development refer to

figure ATIII-1.

SN vidra & @n FErrA

elemonr
//"‘ ——"\\ "/4
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Id ’.__..c._';— \ e {
- -
/.-" ‘“‘l’ ‘ :
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~ === -&:—"‘ N =] ¢
~ —_—— |
> ’\“L Y
e |
SN e e _ - ”

Figure AIII-1, Radar Angle Error Coordinates
(One Coordinate)

For a simultaneous lobing radar, the angle error
is derived by comparing the difference in the two
received channels (for one coordinate) with the
composite energy received (or the sum of the total
return energy received). The voltage derived from
each lobe is passed through an amplifier, detected,

and then the difference is used to obtain the error

6"



by dividing the difference by the sum. The sum channel
providing a means for calibrating the error channels
for varying target positions relative to the antenna
line-of-sight.

Now again referring to Figure AIII-1, the boresight
axis is directed at the center of the target 48 , and
for a small angular displacement, the slope of the
antenna lobes can be considered constant, and will be
denoted by ¢ .

EA and Es represent the received voltages from the
target when®=o0 , and their phase difference is given
by P.

The total RF voltage received by the upper lobe is,

4‘:1,_,:/:’4(/*;@)*-&:‘5 (/—;é)ej?ﬂ (A3-1)
and for the lower 1obe,

£, = EA(/—;@)#&T@(/J-;@)&‘/% (h3-2)

the difference voltage 1is

o= K (/€] /ej,_/") (A3-3)
and substituting A3-12 into A3-3 and simplifying
Ep= KigoL &y (A3-4)

where X = amplifier gain, the sum channel is
- z ~ -
= k(78] 1677) (83-5)
which simplifies to,

£y T 2K[E3% Er 2pn cosd ) (A3-6)



the error voltage as previously defined is the ratio

of the difference and the sum signals or,

£o_ 4A’i;(9)[é"4 tenty

€S K[ G+ Entrzpincosd)

now for a single target,

&' z 2

€s  IRET

(A3-7)

(A3-8)

Therefore the apparent shift (error) at the boreshight

angle for a two-element would be

Lo

Es 2?5(&{- E/a")/(f,q&f‘f'—alrff;,fa Cos ?’)
L 278

Es

or substituting ©’ for €y, and &=

— \<
9,7— 6[/- (53/&,4)]
7 +(4’3/‘,”)Z.,_ 2€8 /) casP

(A3-9)

Now, a relationship between the angle off-set &

and the relative phase relationship ¢

WAVE FRON T

1 Y N qd_ Aanvresnsa
</ wno. 2
~

Figure AIII-2, Wavefront Geometry

is required.
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From figure AIII-2,

Ry =z Re by s,med (A2-10)
R, = R>Lh sind (A7-11)

Now for a reflecting target, the total phase

difference is given by,
47 = 27 (R -#)

and
R -Ry = R+l Sing- (K-8 5,4)
= Zdomndgd
Therefore
A%: ﬁ/ 5/'774 (A3—12)
A j
and,

Zasy © = ‘-é/Z//? Cos 7;

For small angles, sin@ £ & (in radians)

therefore*
O = { oos @
2R
G = lossy /-KT (A3-13)

2 R ) FEZr2KcosH
where A 1is the ratio of echos from target 4 and B , and

Aﬂ is the separation of the target elements, and 9{ 1s

given by
%‘_ ﬁﬂ_ J//l/}g
A

*¥For the purposes of this discussion the target major
axis was assumed to be nearly perpendicular to the
radar line-of-sight.



For the purposes of this analysis assume
A%< Z
o= (Leasd )/;M?(/ +akcosd )

b=

- 4_?_%&,_% 4 7".‘2/(005%)

(A3-14)

'/



(3)

(L)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

68

VIITI. BIBLIOGRAPHY

Locke, Arthur S. Guidance, D.Van Nostrand Co.
Inc. 1955

Povejsil, Raven, Waterman, Airborne Radar,

D. Van Nostrand Co. Inc., 1961

Barton, David K., Modern Radar Analysis, Prentice-

Hall Inc., 1964

Jordan, Edward C., Electromagnetic Waves and

Radiating Systems, Prentice-Hall Inc., 1968

Shinners, Stanley M., Control System Design,

John Wiley & Sons, Inc., 1964

Beckmann, Petr, Probability in Communication

Engineering, Harcourt, Brace & World, Inc., 1967

Pipes, Louis A., Applied Mathematics for Engineers

and Physicists, McGraw-Hill, Inc., 1958

James, Nichols, and Phillips, Theory of Servo-

mechanisms, McGraw-Hill, 1947

Silver, Samuel, Microwave Antenna Theory and

Design, McGraw-Hill, 1947

Schwartz, Mischa, Information Transmission,

Modulation, and Noise, McGraw-Hill, 1959

Truxal, John G., Automatic Feedback Control System

Synthesis, McGraw-Hill, 1955



69

IX. VITA

Franklin Delanoc Hockett was born on April 17, 1933,
in Des Moines, Iowa. He received his primary and
secondary education in Des Moines, and Runnells, Iowa.
He attended the State University of Iowa, Iowa City,
Iowa, and received his Bachelor of Science Degree in
Electrical Engineering during June, 1959.

While the author was employed at Collins Radio Co.,
Cedar Rapids, Iowa, he took graduate courses from
Iowa State University, Ames, Iowa during the years
1962 - 6. He has been enrolled in the St. Louis
Graduate Extension Center of the University of Missouri,
at Rolla, since September 1964. During this time
interval he has been employed at McDonnell-Douglas

Corporation and more recently at Conductron-Missouri.



	The evaluation of radar guided missile performance using various target glint models
	Recommended Citation

	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079

